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Abstract 
Aerosol optical characteristics observed by a POM-01 sky radiometer over Loess Plateau in China during the 
period from March 15th to October 31th 2009. A good agreement was implemented by the improved Langley 
method. The measured and retrieved AOD from the PREDE sky radiometer are very consistent with the measured 
by Cimel sunphotometer’s results. We find that the daily average values of AOD500 and Ångström exponent (α ) 
both show very large day-to-day variations, especially during the springtime. The relationship between AOD500 
and  Ångström exponent shows obvious negative correlation during the whole period. Dust aerosol particles are 
dominant during springtime at SACOL, and fine mode particles are predominant during summertime due to the 
impact of the rainy season. 
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1. Introduction 
Aerosol particles can scatter and/or absorb shortwave and 
long-wave radiation in the atmosphere, and then play an 
important role in the global and regional climate (Huang et 
al., 2006a,b; Li et al., 2007). There was extensive research to 
been conducted in climatic effects of aerosols, these studies 
are vital to understand the characteristics and variations of 
aerosol and we can evaluate more accurately the effects of 
aerosols on global and regional climate change in the future. 
However, aerosol radiative forcing and their climatic effects 
still contain considerable uncertainties due to both aerosol 
loading and properties exhibit great spatial and temporal 
variations (Intergovernmental Panel on Climate Change, 
2007). Satellite remote sensing and ground-based 
observations are two effective ways to understand accurately 
knowledge of aerosol loading and properties. Satellite 
retrievals need some assumptions and using ancillary 
meteorological data which might cause errors in the results 
(Takamura et al., 2009). Comparing with satellite remote 
sensing, ground-based measurements is more accurate and it 
can improve the climate model, validation of space-borne 
observations as well as (Huang et al., 2008).  
The SKYNET is a well known ground-based observation 
network to understand aerosol-cloud-radiation interaction in 
the atmosphere (Takamura et al., 2009). The main 
instruments consist of a sky radiometer and radiation 
instruments such as a pyrenometer and pyrgeometer. 
SKYNET operates sky radiometers in the Asia-Pacific 
region for many years. The objective of this work is to 
examine aerosol optical characteristics over Loess Plateau in 
Northwester China based on continuous spectral solar direct 
irradiance and scattering radiance measurements by a sky 
radiometer during March 15th to October 31th, 2009. 
 
2. Instrument and measurement 
A sky radiometer (also known as aureolemeter) Model 
POM-01, produced by PREDE Co. is deployed to SACOL 
Observatory (Lat: 35.95oN, Lon: 104.13oE, Alt: 1970m) 
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over Loess Plateau in Northwestern China since March 15th 
2009. SACOL is a rural site and located on the top of 
Tsuiying mountain, which is about 50 km southeast of 
Lanzhou city at the southern bank of Yellow River (Huang 
et al., 2008). The detailed descriptions of the instrument and 
data acquisition procedures were given by Aoki et al. (2003). 
The radiometer takes measurements of the solar direct 
irradiance and sky scattering radiance distributions and has 
seven interference filters. And we just utilize five 
wavelengths (400, 500, 675, 870, and 1020 nm) to retrieved 
aerosol optical properties.  
4. Results 
4.1. Calibration result of radiometer 
Figure 1 illustrates an example of calibration on May 6th 
2009 at SACOL. There was a large difference between the 
calibrations in the morning and the afternoon when normal 
Langley method was used (see Fig. 1a). Obviously, it was 
artificial since the calibrations were carried out at the same 
day, so the similar results should be derived. The good 
agreement was performed when improved Langley method 
was employed as shown in Figure 1b. The time series of 
calibration constants on the basis of MLM is depicted in  
  
3. Data inversion 
  
The aerosol optical characteristics (including aerosol 
optical depth, Ångström exponent, volume size distribution, 
single scattering albedo, normalized phase function, 
complex refractive index of real and imaginary part) can be 
retrieved by using the “SKYRAD.pack Ver. 4.2” inversion 
algorithm developed by Nakajima et al. (1996). And a cloud 
screening method developed by Khatri et al. (2009) was 
employed firstly to eliminate the cloud contamination data 
and artificial observations. An important features of the 
inversion algorithm is that an improved Langley plot method 
has been used to calculate the calibration constants V0 of 
instrument (Nakajima et al., 1996; Boi et al., 1999) in the 
equation, V=V0×exp(-m× ), where V, m and represent 
the measured radiance, air optical mass and total extinction 
optical depth respectively. In the normal Langley method, 
the calibration constants are obtained by performing a 
logarithmic plot of the optical mass (m) versus measured 
solar direct irradiance when assuming that the aerosol optical 
depth remains stable during the whole calibration period. 
However, this is not satisfied at most locations and under 
most situations. Accordingly, an modified Langley method 
(MLM) was been developed (Tanaka et al., 1986), in which 
temporarily variable atmospheric turbidity was taken into 
account. Nakajima et al. (1996) extended Tanaka’s method 
(MLM). Firstly, an inversion with only forward scattering 
intensity data (scattering angle: 3～30o) is performed. Then 
derived temporarily variable aerosol optical depths (AOD) 
are multiplied by the corresponding air optical mass (m) and 
used to obtained values of the abscissa for a V-(m×  ) 
scattering graph. Finally, the calibration constant is obtained 
through a linear fit of the data points. More accurate 
calibration is expected since this extension allows the 
relative size distribution to vary with time. Hence, MLM is 
utilized in the study of calibrating the sun/sky radiometer. 
τ τ
Figure 1. Calibration results obtained by using the normal 
Langley (left) and improved Langley (right) methods based 
on radiometer measurements on May 6 2009 at SACOL. 
 
Figure 2a. indicates that the variations of V0 at five 
wavelengths keep stable during the 2009. Figure 2b 
illustrates the corresponding monthly averaged values of V0, 
which are obtained by taking running and smooth of the 
time series data. And there is a corresponding V0 value for 
each wavelength of each month to simulate aerosol optical 
depths. 
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4.3. Mean daily variation 
 
Figure 4 shows the daily mean variations of aerosol 
optical depth at 500 nm (AOD500) and Ångström exponent 
(α ) from the period of March 15th to October 31th 2009 at 
SACOL. The daily average values of AOD500 and Ångström 
exponent (α ) both show very large day-to-day variations, 
especially during the springtime. It is also obvious that when 
the daily mean values of AOD500 are large, the daily 
averaged values of Ångström exponent are small, and vice 
versa. 
Figure 2. Time series (a) and monthly averaged (b) of 
calibration constants obtained by MLM. Overall average at 
each wavelength in parentheses in (b). 
 
 
 
  
4.2. Inter-comparison with sunphotometer’s result  
In order to confirm the accuracy of inversion results 
obtained from sky radiometer, we compare between the 
aerosol optical depths derived from sky radiometer and 
sunphotometer. Figure 3 delineates a comparison between 
the AOD measured by a Cimel sunphotometer and the 
measured and retrieved AOD from the PREDE sky 
radiometer on April 7th 2009 at SACOL. The results show 
that AODs derived from PREDE sky radiometer and Cimel 
sunphotometer are very consistent. 
 
 
 
 
Figure 4. Mean daily values of aerosol optical depth at 500 
nm (AOD500) and Ångström exponent ( ) during 2009 at 
SACOL. 
α
 
4.4. Relationship between Ångström exponent versus 
AOD500 
 
Figure 5 depicts the relationship between Ångström 
exponent vs. AOD500 during spring and summer 2009 at 
SACOL. There is a significant feature that the relationship 
between AOD500 and  Ångström exponent shows obvious 
negative correlation during the whole period. Dust aerosol 
particles are dominant from March to June at SACOL, and 
fine mode particles are predominant form July to August due 
to the impact of the rainy season. 
 
 
Figure 3. A comparison of AOD between sky radiometer 
and sun photometer at 440 nm (a) and 675 nm (b) on April 
7th 2009 at SACOL 
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 Figure 5. The relationship between Ångström exponent 
versus AOD500 during spring (a) and summer (b) 2009 at 
SACOL. 
 
5. Conclusions and Discussions 
Solar direct irradiance and sky scattering radiance 
measurements by a sky radiometer have been utilized to 
retrieve aerosol optical properties during 2009 over Loess 
Plateau in China. A good agreement was implemented by 
the improved Langley method. The measured and retrieved 
AOD from the PREDE sky radiometer are very consistent 
with the measured Cimel sunphotometer’s results. The daily 
average values of AOD500 and Ångström exponent ( ) both 
show very large day-to-day variations, especially during the 
springtime. The relationship between AOD500 and  
Ångström exponent shows obvious negative correlation. 
Dust aerosol particles are dominant during springtime at 
SACOL, and fine mode particles are predominant during 
summertime due to the impact of the rainy season. 
α
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